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TMe: Froces^ for producing atvii-fereexe p:ptidies. 

immmctmn 

He »tbn relates m tm^smhig fmsl celk, m particular yeast cells, far 
espressios SiM sem&tkm of peptides wMdi hMbn ice oysu^ growth. 

Backgrfts^id and prior art 

10 He success of a commercial proces? for tlie pKxIoction of recombinant protelM 
requires a iK->n~patb0gemc orgaiasiis aJBssndabie to large scale, Mgfe deji^% ferBiePta- 

cerevmae.^ Ideally, while the feost organism should se<srete 
relativefyiew protms into the eulmre supernatant: that could ^tipteirniiied or 
proteolyiicaliy degrade the prodaet, it should have the capa;cii^ td secrete large 

IS qtiaatilies of correetly processed ree<jmptiaj3t |^^^ mto the ,«8nidiuut 

Apti&ee^;e proteins frpfiii polar fish are cliiasrsacterked Isy their properl)' of 

eaiisiiig a tjoscolligaiive depressi(>s of free«i% point, a^^^^ beside this, thejie molec«ks 
iislslbit the recTyst^llization of ice (Kjtiight ai„ 19S4), Boti) types of activity are 
thoiight to result fmm the interaction of these cp/oprotectants %¥ltli tiie ice cj>'StaL 

20 Within ihe mnm flooEder iwo difeeat AFFs predominate, the HPLC-6 and tlie 
HPLC-8 (Foaniey et al, botfe feelougiiig to the type i dass of AFF'$ pawes €^ 
aL WM), and they are the otdy o»e for which a x-ray ctystal ^triieture is i;ho^i, and 
for which detailed sEructnre/ftmctldn relatiomhips have heets proposed (ymg ei al, 
W&,% Itt %tmm% the 37 atKiiio acids loiig moteehle cpsit^its three 11 ai»i«o adds 

25 taiideitt repeats, with litainiy alanine ^tpdo aeids tibat favouy a slsgfe «t helix with a 
xnaderate ampMlphiiic character, having the M^jomy of the hydropMlhc amino acids 
along ©ne face of die ttiolecule, that are pot?;jstial sites for hydrog«u houding to the 
oxygen atoms of the ice Mtiee. 

The AFF binds preferentially lo the prism fece, and thereby htocfcs the ice growth at 
30 the preferred growth site, ll)e created dipoie moment is thought to be tlie irsldaJ 
driving force for the specific recogaidoni, I'he induced orderit5g of the water dipelea 
within the ice only allows ftmher ice growth on the tinordered hasalpiane, where 
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thm AFF's Mnd ggalrs^ TfeM gr owtl) hafeu altetatifeitt <:auS6s the deyd0pM of 
bjpyf aniidal ibe crystals, wliidi ar® sigsificaArty spalkr tfe crystals 

Within E.cp'U fmiom «f synthetic or ssxsBsyistljetic ge«es e»C04i«g mtifjBtm pmi&M 
5 atid either tmacat«d staphyfecoiccal p?0tem;; A geae (M««lJer M d,^ Warresi 
ai 19%) or pro AF^P's with B»gakct<3sidas« (¥&i&w w tM9) vt-ere expressed 
imracelkilfir . Differem cbimeric prateins coBtalmng ditfefeai numbers of the 11 
mim add imperfect repeats were linked to the C-termiiml end of pmtem A fey a 
short amitvQ acid spacer and tested for their recr^'^saillizatjoii inhibiiirai potemiai, 

10 whereby a protein mth only tvvo repeats lacked actjviij-, while the mhibitorj-' activity 
iacreased progressively for proteim cotttaMug three, fbi^r md live repeats, ladi«atmg 
that the number of homologow segrBents isay deteraiirie the eSectivetiess of ^ s^itigle 
molecule la sijppresdn| crystal growth^ or my datermitis the molar ssmfeer of 
molecules necessary to have aa e#ect. 

IS Warrers S, dm tested the expression of a Rightly ijiodifk^ Al^ aii mtemal 
fiisldu with S-galaaosjilass m E^ol, Crude eictract df the Mssfdt^ chills dispiaysd 
thereby a five-fold greater Tectystallixatlbn InhibMoiJ tha» the negative coistrol wthla 
the splat assay. 

For tbe foreign gene expression aud secretion in yeast, the invertm (SUO) signal 
20 sequence (Perimaun at al>, 1982) has been used widely. Human £x2~IFN (Ctsais.g et aL 
and human single chain urinary f iasminogen activator (Melnick et 1090) 

ha^'e saecessfellsf secreted nsing this sesjoence, whOe the secretion of hiiman s-l aatl- 

trypsm behind the SOCS seqtience caused problejiiis p^oir 0 a/;, 1987). Attachment 

of & heterologs3ns protein to the sipal sei^t^ence ofteii reitdts iii a change of at leist 
25 the first mnrio acid C~?^r?nipsl p the signal peptidjESe deavage side, Mwever, there 

appears, to b# flexibility ih reccstgnitlon of cleavage Jitncticfn, sisce fiisioas of SUC? 

with Altered annni^ add tahetions, such as HSA or two fonm of insttlinj are still 

cleaved (Bitzeman et al, 1990). 

The second well described option. for the expression and secretion of proteins and 
30 peptides within S, c^rmme is the appheation of the pre-pro sequence of the » mating 
factor, one of the two oLigopeptide hormones (phcfomones) triggering sexual 
cot^uption of the haploid cell types a and a (Mtz et al., BSi), ^-factor Is a 
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i3-a5Tij??o pep£i<(ie that is dBco«ied b>' two unlmked stmayral ges^s, M^^ and 
M^ttli Th^st genes encode precursors of 165 asd 120 si3iia<> acids, jrespmivdy 
(Gaplsfi et ah, W9l% Ba&i preajs^qrS: mciude a stgml, a pre repo^ sites 
lor N-glyc<3^iat|o», aad mdem j^-^^^ of which is preceded bjp' a 

5 spacer peptide, liie 19 amino aai signal (pre) se^Bence is ri^sponslfele fdr tlie initial 
targeting of tfee moie^lc td tise secretory pathway, and Is cut off by a signal 
peptidase, mi after processing of the pro-part through proteolytic activities including 
Kex2 eiKJopmteinase, Kexl earboxypeptidase and the dipeptklylpeptldase. 
atmaopeptidase. in the galgi, tfae wtmxe. « matiiig laclpr Is reie»i iato the 

10 surroiBiding medmm. 

The ss leader segment mediated seeretlon from S. mmsim k descnbed Ib the 
Mtmture for sevre?al dtteretit proteins and peptides, tm aasipie a ctjn&ensns ss4FI^, 
B-ea#rphm (Bitter gf iSl., 1984)^ humaa^nsaiin Hke gr0^^ factbr l &npm$um 
<Stenl>e €f s^, 1991), and hnman itM^rleuJdn^iS expressiotv pulsez et i991)/The 

15 potientlal of a«MF leader sepence for Mgh sieretipti, seems to be rather low 
i^MMmi et^,^ 1987)^ althou^ issore reeeat esjpenments isdicate the spedic 
rektiomMp of leader se(|«eixce and jstmctiiral protein to be tnore croclaJ for the 
success of such a process (Sleep et aL 1990). Moreover, recent results indicate the 
possibility that for some fusions the deletion of the complete pro-peptlde sequence 

20 insgreases the secretion efficiency slgmicaatly (Achstetter et d,, 

SOMMAR¥ OF IBEiNVEHTiGN 

According to one embodiment of tlie inveMlon, a desired gexie encddlhg a proteia 
a^ive is tfee mhlMtlon of ice ciystal growth is pMeed In ff^e a§ a fedon cosstrnei 
25 beMnd the js-galaetosy ase gene of C^mmpstXmr^&n&ioba. in order to be capable to 
regelate espressipp the nevv ehimerk gene is placed under the cositrol of the strong 
indmlJle GAL7 promoter. To obtain secretion of the :*-pketosidase-AFP fosion 
protein into the surrounding medium the whole ge^e is piased behind the iaveftase 
signal sequence. 

30 A.ceording to another embodiment of the invention a gene enoodiisg the desired apji- 
Ireexe peptide is dlrectiy expressed imder the control of the kducihie GAL7 
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promoter. To temw sesretloti tli© gene codkg t)r the mmxm AW is separated % 
the pre-pro mqumm of m mB.mg i&^m fxom tht pmmotm 

BRIEF BESCEimON 0F THE 
5 Figure !. a) Schensaiic presentation of plasmid pUR^^ 

Abbreviatiom i3sed; a-gaU synthgtk gene codiag for ^-galactosidase from CyamopMs 
mn^om>kma. amp r<; S-lactamase getie, arrows indicate the direction of transcriptltXi, 
the sis.e of tbe piasnucl is mentioned in the Figurs; the small box in front of the 
.1.0 galacto&idase ge«e represexj^ the SUC2 signal sequence, aip; DMA codiBg for -oae 

of St synthetic AFP gene, the tMcker Ime bfet^eesi «-galactosldas^ gene sud AfP 
gfene reprsss^sts tJje iEGR §eciii«nce; 

figiire X Schestiatfe presentatioii of plasmid pUM652, Xa^#?F iadicates 

b«re the lEOE AFF ca^iitg segijeice; LBy2<l Indicates the I^U2 gem wtis the 
15 truncated prtsmoter, b) Sebestaue preseBMion of pli^mld pOR2653. 

Abbreviations used: (3AL7-ISS; G^7 protnoter md SUC2 signM se4tienc«f; 

2um :« 2ii » 2}i.m, the I>NA coding lor AFP Is Indkated as a soMdi box% LEOS 

irfcates tbe: LEt)2 geise mtfe the T~pgk T-PGK represents the 

FGK. teraiinatiag ..sequence, 
id Figure 3, a) Schematic presentatloTi of plasmlds plJR2660 cantalnirtg 2 copies 

of AFP separated by KIIEA. i?) plasmid pUR2^S fpataiising S cop^^^^ Of 

AFP with the internai KREA spacers, 

FIgare 4. a) Scbejnatk presei^tation of plasmid pUR266()» contaimng 4 copies 

of AFP an<! tbe iTJtemal KRBA spacers ajid b) sebematie presentation of plaBmid 

25 |>OR2S6?, camainf ng S copies. 

Abbreviations used are the same tban k the desalpttos of Flpre 1 and Figure 2, 
Flprg Sehematie presentatioft of piastMd pUR2674 ODntainlng the fusion 

between s>gaIactosidase and 5 copies of AFP, separated by the k§t 7 amino acids of 
the «-ntatlng faetor pm-sespbnce. 

30 Fig55re 4 a) Schernauc prese.rnaiictsi of plasmjds pUIl2(>76, 

b) pUR26??, the plasmlds cosrtaming either 2 or 4 directly linked AD^ gene cassettes 
behind the GAL7 protmiter and the SUC2 signal seqnence. 
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Figure 7. a) ScbeiKatIc presenjauon of phmMs |>UR20l. 

b) pUR2679* tlifi pksmids eoBtalmng either 2 or 4 fec% imked AFF gm& cassettes 

behmd tMe GAL? froiiwter aiisS the prerpro s^nsatlng imot seqmm<^i 

ligare S. a) SDS gel aisalysis, fe) msteni asdysk^ 

5 mil b&ctiom a,8<l culture Suids of yeast eells amialBing ptJI^SS^^^ 

SepsrarioB en a 8«1B^ EAA gradkm gel ««gal: parMed «~ga!actosidase; c; soluble 
cell fraction; s: superrMtast of cell cultures, b) The imniiiae specific sialn wss iiam 
%\nt:n mU'AFF antibody. The arrow indicates fee band of the fusion comiruct. 
Figure 9. a) SDS gel analysis. b) Western analysis of soluble 

10 cell fraction of 3 differem txarusfonnaiits and 1 asitws? fiaids of yeast cells ^ntamlag 
plJR26S3. 

S^sparatibf OB a 8*1B^ pAA padism gel «-ga3; punSfed sK-galactssidase* c: coatrol ?s 
§oitil>le eell fractioa of ho&t msmS^ mtgvMm SUl6j: ti 3 iiiferejit soluble edl 
:S-aetlom of traosforsiiatJts ssomaismg pUR265l supfemataM of ceil ealtare.of 
15 tf assformant 1, 2 aad 3 mt sk>wn, because idiSHtieaJ. b) Tbe immuue s^sedfte stain 
was done li^itJi gflti-AFi* aistM^ c#trd1«^ ojlmf e SaM <>f trntrarisfw^ SOlO 
Ciiitares. The arrow indicates tbe baijd of AFP, 

FIgare i§. GrapMcal presemation of tbe res^slts of the thermal bysteresk assay, 
He sllfferersce in beiween freeze- and melimg point Is gjwB on the venicisi axis, 
20 A; cbemicatiy synihesized purified AFP at a final concentration of 3%, 
B: pyrified ss-galactosidase at a feal concetstration of 3%. 

C: As about 4091 sws^easkm of freeze dried otters fluid of yeast etsltures coHtslnkg 

0: aa :about 40^ suspension of Ireesse dried #«!twie iiuy of ye cuitares contaimpg 
25 pDE2653, For fiirther details see text 

Figure it Ri^crystallissatioa assay of oiltftre |l|*jd frosri yeast eeUs coatainiag 

A: sucrose, 1), before and 2) after mcaMtioa, 

B: 3% cMlcally sptheslzed AFP i 30^ sucrose 1) before and 2) after incubation. 
30 C; about 40% freeze dried culture Bjediam from cells harbouripg pUR2^52, a) before 
and b) after; incubation. mapificatioB were identical i& ail cases. 
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BESCRiFKOH OF THE SFECIF|€ EMBODIMENTS 

lie isventioti particularly relates to a pmc^m fm ptodtseasg peptides iiiljibitliig ice 
^0 gfowtli, s<>«c4Iled atu-fteexfi peptides (Ai^P), fey espr^^Bg Ip a host ofganism 
a geM eji^odisg: as or eaco^mg a feslos pnjtda comprisi?^ aij AFFj vs?teb 
5 ccimprJses 

(i) formmg a JpNA comtpict compmiug in tfee order gi\?e» 

(a) a strong, optionally mdtidble, |5rsmot«r active m tbt tost orgaaism, 

(b) ars ATG start codon, that may be eontamed in as optionally present DNA 
slgual sequence capable of secreting tlie protein produced by tl^e hosf organism 

10 dyrmg expression of an AFP-eneodiEg geiie of (c) below, wMch signal sequence cm 
bp komohmvts or heterologosis to tfee ^i^P-^eJi^iIi^g g reading frame 

mih the Apj &sart codori, 

{t) at Imt one desired iAI!F-eaeo4mg gene iii reading frame wiib the AT O start 
codoii, and 

15 (d) a stop codon bomtd to the 3' end of tlie AFF^en<^ding gene, 

:(») traBsforixaBi a tet organism witis the Djl>\ coiistritct of (I) m such a way tliat 

the host orgamtn cati express st least the AfF-^encodlug geite, 

Cili) groMT^g the ttsmformed host orgasiisiB tindfer conditions whereby ibe e3<presslon 

of at least the AFF^^encoding gene occurs or is inditced, arid 
20 (Iv) optioaaily collecting tine produced AFP or iusmn protm, or peptide or protein 

obtafoed jherefrom by further processiixg, 

Tbe "host organism" can be a plant or amjnal coil or a iplcroorganism^ Preferably a 
yeast, e,g, 5> cemvisiae Is tssed as the host otgaijistn/Traosforjsatios systems for these 
host orgamsms are well known to a skilled person and are desoibed in the prior art 
B (see above). 

In case of a "&slon proteiif good resiilts were obtaiised mth a process accordirtg to 
the invantionv in witieh the DMA construct a^tttalns a f\^ed gene epiBpriang M feast 
part of the a-ialaatxsidase gene Qam&psis mmgmoMit at least one AFP-en- 
coding fOtse with tt^ 5- €ttd fcfrsihe-fnsed te tfe 3' end of the at least part of the 
30 galactosidase gene. The fused geue was preceded by the invertase sigml sequence of 
S. cemxmae. 
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The "proMoter* cm be at pduabi'? GAL? pmmotef or $ cosstitatlye 
ftommtt, MtB of ^ permsim. The of pi iMtieifele pojnoter is first 

saffiaefit bldmSss c^a be formed of the host organism wfefcS theiil^ Ihdycssi to 
express th& desirei gem However, a coustlmlve promoter is preleraliJe trnder 
5 co«4ftiOJ5s where it is adv:a»ta|eoiJs m express tise desired getje lu all growth stages* 
Of coarse the gese should comprise or be preceded b^ an "ATG start c^j^^otf Idt 
sterling proper trsBslatioB of the XTiRMA, 

If the gene or fused geae is to be secreted a DNA "signal sequer^ce" mi be used. 
Most signal sequences precede the structural gene and start with an ATG start cc4m. 

10 As DNA signal seqae-Bce ean be used for exampie the invertase sl^ai sequence of 
S, qermsim m fte DNA ^re*sepehc6 of the «?-mafixig factor of S- c&mmm. In the 
ktt# eas# tJje DNA eoBstruct caa also eoraprisc; the pro^e^aeni^ of the «-mat% 
fkctox Gft \% cermsim between the pre-sequeric® the Ai^'eEcodkg ge»e, wheteb| 
the pre-seqiiSHce, the pro'sepeisee and the Ai^-eHcodiBg |ene are m the same 

15 readiKgifeme^ 

When it Is desirable that the AFF remains iri tte eell^ the hc^t organissri and 
seeretlon i$ less desirable, a sigml mqamm need not be pr^seht. Of course tbe AFP 
need tJien not be collmed from the bost orgaidsm., Oj^ the other hand, when the 
presence of the AFP is desirable, a sSignal sequence is preferred for obtaining efficient 

20 secretion. Thus the presence of a sigmsi sequence is optitmal depeudirsg 00 the 

purpose of tbe AFP prodnciion. Any signal se<|«ence presexit c&n be batl homologous 
to the AFP, thus corresponding to the AFP in Its natitrai occurrence, or can be 
beterolqgous to the AFF» The latter ean have the advantage that it Is better 
recognized by tfee host organism, 

25 For proper proeesslng after secretion it can be advantageons when the oacBectton 
beb-veen two or more genes cotttpri&es a JDJ^A sequence encoding a *^rocessin| site" 
that ca» be used to split off at least one AFP frortJ the remainder of the protein, 
eitiier during or afteT secretion of the fusion protem or another precursor«/\l^'F, It 
sfemdd be doted that In this speciScatiou the "at least one AFF-encoding gene" cm 

30 comprise a Eandetrs-repeat of orse or more AFP-CRCodiag gsiies, whereby optionally 
one or more AFP-encoditig getses can he separated by a DMA sequence encoding a 
processing site, 
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The inveptioa also relates to aii AFP prepared lay a prtJ(^s$ aeGordmg to the 
m#mioii arid 10 the use of AFP lor iiifeibld^^ cjjfStaJ grow% e.g, in Ice 
(^eam and Offeer feed product^ other bfelopca! matemis tfeat csa fee ffozea 
Another embodiirient of the i»vent50is relates to a ye^t having improved if eege 
5 tolerance, contaijUGg asd/or surroundeil by AFF produced according to fe weBtioH* 
wMch can be med in producing frozen doagfa or otte wmpositioss that cati be 

The invention is illustrated by the folkmng exatfiplJsi^ wftboot being limited thereto, 
Mostly standard methods were med as described in Sambrook, I, Maaiatis, T., 
10 Friisch, E.F.; Molecular Clomng; Second edition; CqM Spriag Harbour Uibofatox}' 
Fubl. {1989^. if modiflcftlotsis were used, thess they are described below. 

Straln^j plasmids aad gfoMb ci^sditloHS 

S co/t strain ( eadAl, recAl, syrA94 hsdRH, rfc', mk* relAX ^E44, 
IS If atslsb-Pm on el 19SS) was: ns«d lor ampilfscatlOB of pkstisds, TrimfdrmattoH of 
was accordlBg to Chung 1989, S. memm mm.n SOlO (mat^v cir*, 
MBL*, Ieii2, feis^, BtaS) was transfoiMed^lth the plas pilR2452 and pUE26S3. 
$, (xmMae SIJ59 (mata, dT**, Iils4, can!; Erhart and Holknberg, 1981) was used 
for transformation of the moiticopy iutegratloa piasmid pUR6803- 
20 Trausfonisation of the yeast strastj* was performed by the spheroplast n-sethod of 
Beggs et at or b)' electroporation, mainly as described by Becker «f si,, i99L 
TraustormaBte were recovered on selective YHB-plates |QJ7% YNB, 2# gtacose, 
2^ agar) suispletneftted with tbe esseMial amino adds ( histldlne 20f£g/«ilj araeil 
2Bii$/m\}. l^t same liquid medium was used i&t pf#-aittures, 2 times oyemig|jt at 
25 3(f€ aisd diluted iM ia VP medltuu coti^ismfig 5% galactose for mdtiction of the 
GAtJ promoter. Re^trlcuon ehsgfmes and 0NA ®:odifi€^tibn eijspues were ^^pp^^^^ 
a:s recorsitiiesde^ by the: stsppiier, 

OligoiBiideotides were Sfsthesis^d or au Applfed Biosystesss 3S0A DNA syxsthesizer 
and purified by standard procedures. 
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tJCSM^lB li tmstmsikm ef piM24Bl 

Hasmi-a pnE26S2 wm mmttu&&i to (sbtam a C4erjmnal fasios of AFP to ^x-galaeto- 
sMase, a preiem from wMcb Is known* tiJat It is effsfcietitly secmt^i^ mto tbe t^e4itim, 
«te fosed to the mver tase signal sentience { Verbakel, 19?1). The mvssrtas^ signal 
5 sequence directs proteite to the s^ectetoiy fsthwayv and mil be cut of by a slpa! 
peptidase. On the DNA level the whole gese is controlled by the Inducible GAI;7 
promoter. For the expression of in & ceremiae & -set of 8 ollgonudeotides was 
syfidiesiged (AFL 03, AFP 01, AFP 03,. AFP Q5, API. 04, AFP 02, AFP 04, AFF 06), 
mainly comprising the BNA sequence of the matare AFF ejfpressed fe |jrefefeatfs% 
10 used ceremiae codoss (see SEQJP, No. I and 2). 

Btyt ^m^^Cf liff 6M. SOS ASA SM ACT SC$ <j»T SiEX GC!C 6CT GCC 

ai(s& cT5r CC& TCf m t^h osa jwss: cta OSS ass mh cm mA 
IS ?iHid4 - ■ 

ecs" *rs OCT OCT mh (stp ser gOt oaA tts sstcsa scsx ecsc 

cisa imc CS& cga osta csssa TS!r o«»<s c&h cc^ cst ^gt issfe c«c Tifa 
20 mfp2 ^ kfpm 

<»m aec scT oct gct SfCA set KCt sees ma t&i^fa 

fists' tse^ cs^K cs& cst tga cog TC*r ATTSSsemft ifiH<ixii 

•I I A^66 

25 

l^e e^ssiette ferfber *pn:t^ at the 5' end codons fdr the in fmme expt^ssion t!^^ 
sptiso se|d seqae«e# IBpR, Aiifclch i ksowh to fee tJj© r eepgmtion land de«r4ge 
sk|uence for tbe^iood la^^ Xa i^'agai^ ai.^ 1987), Thi$ construction allowed the 
later release the pure ^F frotrs: the fiisipn protesB. For clomsi pntposes the 

30 nueleotides for tbe C-terminm of «-|aiactosidiase fern the restriction site S^-l were 
also i«ei»<ied. The 3' e,n:d of the cassette Indtided 2 stop codons, wlikh pariislly 
overlap the Hmdill restriction sile. To facilitate the ligation of the assemWisd cassette 
behind the «-gaiactosidase gene, the SacJ/HmdM fragmeBt of pUR2740, comprising 
the 3' end of the CI4!L? promoter, the SUC2 signal sequence and the complete 

35 synthetic «-galactosidase pae (Verbakel, 1991) was snbcloned into pTZ19R 

(Pbarmac-js), thereby generatiitg the construction intermediate pUl?2650 (Figure la), 
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is which the %l &M HmMU sstes u&sd for the imegrati«» of the oIsgoimde«tide 
cassette are amqae. 

For the assepbly of ibe spthetfc M^P gene, 50 pm^iaf eacfe the ollgdnudedtldes, 
except aad the PBes at the 5- overlapping end oi the c^ette, w#jre 

5 dissolved m 12 \il water, inoilsated for 1 mn. at 95*t; &M dlr miy placed m fee. 
Alter Ms im&mmti&n step, the oligdstjekotfdes weye phosphorylMed in a fiaa] 
volume of 20|ii ccmtalning 2,5biM ATP, 5 mM DTT and about 50 IJ of 
polynuck(3tid~kinase, for 40 mm. m fellowed by a 2 «ua <iemt«ratton at §5*C 
am! placement on ice, lOjil of each phosphdiylated oligomjcleotide was mixed mtb 

10 the corresponding DNA oligoaadeodde to obtain dtipkx torm&tson. Afier 2 nun 9ST^ 
deBatiiratioiEi, each duplex was slowly cooled dmvn to SO^C Again W^i of all Ive 
diiple3f i«uhjm*s were pooled s in a final voiume of lOO^il, coi?tainitig 

P ThM: TmmCk pm iS, S inM MgOS, S mM OTX; and 40 jig/ml Ratine md lQ 
U of 0HA ligase, for two hours at MC tbe llptlon mix was then pfec^il^^ied, and 

15 redissolved: In 30 ^1 of IB^bytsr. 15 |il of the mixture were pla<^d on i 2 % agarme 
gel. Slid the DHA band of tise expected ske oJt out of the gel and finally p«rMed 
through the gene dMn H procedurei ^ recommended by the suppher. The obtained 
DHA iragmetit was then Hgated kto the Sty!/ Bindm hnemmid vector pUR26S0 and 
transformed into KcoU JM 109 by standard procedures, plasmid DNA of several 

20 tran&formams was isolated by the slightly modified alkalise-lysjs mini-preparadon. 
method and aoalyxed by restriction analysis with several en^mes. This imerniedlate 
construct^ containing ihe fwsios cassette between a-galsetmldase- and AFP-6 gene 
was najned plJR2651 (see Hgiire 3b), Tite new IS kh Sacl/HmmM S-^ment was 
than Teisitroduced mio ^ JS^0mMi mt 2}i shiittle vector p!UE;X740 aad 

25 trmformed to EcdL Several transfortsams were ariiijj'zed for the presen<^ ol the 
expected tragmest byTestriaion analysis, From; the pressmahly poiiiive plasmids t&e 
eoniet aSseiPbly eOtistructi<?tt was eonfirtned by Sanger dideoxv' sequencing of donble 
stranded plasmidSv l^is plasmid Is designated pUB26S2 (Figure 2a) 
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EXAMPLE 2 s CdBStMctidB ©f pUi203 

Bf excfesBgrng the sei|oenee cocUa^ for iht «-BmtiEg factor agalmt DMA i>o(lmg 
for the axitl IreeKe-peptlde, we triei to &btm xh& tmmt AFF k the medfem as a 
result o£ S0lely yeast borne pr0x«:ol¥tic pr€icessiijg. For iM^ purpose the si's core* 
oKgOBudemy es AFP{^^ AFF02, AFF04 aii^ AFF06). comprising the 

major pan of tJbe AFF codm$ mqximm as well as the double stop codon and the 
/#Kini mtrict)0« Site, were aiinealed to s mm pmr of ollpnitdeotides (AFLOl and 
AFLI)2), Godmg for an Eagl site, resp. an extra Ala at tfee..N-tsmtfeas of AFP-6 
Erst 4 mm ack^ (s«e SEQ. ffi, NO: 3 aad 4). 



10 



E&gt mm <^A'£ ACS scT tcs sMr GGc Gqc ^e-t? oce scy sc^r: ttq ACh oct ocf 

CTA TSh OSA CTIi CGG esS CQA COO COi^ C»A MC «QT C<m C&h 

6CT ma <scc OCT acT Ga?, ttg ac?^ acx sec ajs^t scs. occ gct sst qct 
rth c&h <nt c<JA CXI /iu-ic csa cqc f m o*^ ces csa. c<5a cs^i 



<SG& ^^PT ACf «CG ^GA * 

est csA 3SSS. <ssc; -EC? Ji^rr^ sscsa «iisdxxi 

This g^aes sSsmpiy m m frame traa^tios betweesi the codiag p^^ 

25 0f .Al^F sn^ i^gl si^^ m th^ end of the prepro-seqiusKce m vector FS¥i6, a Spm 
deiivei sh?ittl& vector fpi" lejjcine complementation, where the Otermmai esd of the 
HBtura! prepro « mating faesor seqiteBce, was ctianged i« sitcfe a way, thatlig&tlon oC 
DNA via Eagl fi^ses the mtroduced ssdirstg part to the prepro-seqaence. The DNA 
oUgOTiudeotfdes we assembled into a double strand DNA frapnenf atid purified as 
30 described ?:n exa.mple 1 and tbe ol>uiined 120 rjadeoddes loBg fragment was direcily 
ligated Into the Eagl/HiniM cut FSYi6 wctoiv feme of fee obtamed. trat^formants 
were gro%vn «p, the piasrnid DMA isoli^ted,. apd the construction comroHed fey 
restjietiaa analysis ar»d veriied by dideojty seqoetidng of the doable stranded 
plasmsds; Ws plasnild was designated pUK26$3 (Figure 2b|. 

35 
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EXAMPLE 3; eoRStracS:!oa &f pvm€€% ^UKmSi 0^mm^ ^DlU€0 
To qfetam a vector mth More than oae g««e codmg for AFf ^-6 we excbaugM tlse 
oMg0Hucleotld& pair AFF05/AFF06 against a new set 0 oligottackotldes 
(^^MlAWlM% coHSpnsifsg the C^termmus of tfee AFF ssd tfee foar assiuo acM 

S eKtmsion Lys, Arg, Glu, Ala, KjKEA, the protieoiytjc core part of the prepross mating 
factor ^a«ey seqae»ce^ Mcessary to oMam inatute M- and C termfeal etuis of ih& 
mating factor. The 3'-encl oligonycleotides were designed in such a way, the they 
could be directly liggted into the Eagl site of pUR26S3> thereby leaving onJy the new 
5* end an int-act Eogl restrictloa site^ wlil-cB could be used for further additions 

10 of AFP eassettes. 



^0 OA* &Ct set tC!f SkT GCC OCC! SOX SOO 6dt SCO; TSS lie& GC* OSt 

CSS A*sa ot» cao ess csa ess cga cgj^ mc tot ass cg^ 

IS ^ Mmi 

MS GCX ?^ <SCC iSCT OCT GSA TX^S ACj^i OCT SCO 00^ GCC OCT GO* OCT 
■TTA £5S?S. COS psa CSJi, CTT mC TST CGS, COC TT& COT OGO OGA COS OSS. 

OCA sot Act 0<jT &0A fe^O mk OA 

COX: GOi^ TOSV CSS TOT 3*5*0 tCT CTg^ t^a^^l 

2^ For tMt pUiijose tbfe vector |>UR2SS3 was ijijeari^^ed v«tli £^^1, de|>hdsphoiy!a|ed by 
statidayd probediirel, atid the totally pfeospboryhted AFF cassette was Hg^tted into 
the vector, traiisiforined into BxoU iM^Wi seyer;^ ti*apsfsrmasts asaly^ed as 
■described and the correct assembly venied by DMA seQueMmg; the aew 

rscoinbinaTTL plasmid was desigvied plJR2660 (Figore 3a). 

30 Sabse<|ueni reassembly a«c remtrodisctio?! ot the same oligoniicleotide cassette into 
the unique Efjgl site in the transuiou part hetweefi signal sequence and AFP coding 
pan resuliing in plasmids coniaimug the DHA coding for 2 AFP's (pUR2^60), 
3 AFFs (pUREo^S), 4 AFFs |pUt2SS6) asd S AFFs CpUR266?). eadi of these 
cpostrBCts eOT codmg part is separated by the DNa coding for the KREA 

SS sequence tegure 3a, 3b, 4a a»d 4b). 



EK.^fWlM 4i CmstruitU&n of pllM^^i 

Tt^m h known to digest |K>lypeptide$ earWsg^tenniiui to aanmo aclcfe Lys aiisS A^, 
Since ammo add sequent* analysis reveled tfeat Arg is the last animo sda of the 
mMi^re AFF, digestion with this pro^ la ptiacpe allows tlie sepsras.tlo« of J^F 
3 iRQ??j?m€rs frorB a gives poly^H* peptide, But te leave te AFP m such & ptoim^Ut 
iiigestiaR completely im&ct, tMi\mqnt h\'$ i\m t&MeM^^ in the codiBg 
secpence, Stnictunil analysis revealed, that this Lys m located o» the more 
liydmphoolc site of the moiecuk (Yang et ai, 1988, Davles ai., 1990), a ckarsge 
iiao a neotrai charged Ala fiinber Increases the ampbiphllk character of the « 
11) helicai structure, la extension of these optloas aOpwing the jk viva processii5g and 
mMumtiiM of poly-AFF prewrsor incjlecttles, comtsiim were made, ia which the 
OBiqwe Lys at amitio add posltioR iS wlthitj the AFP k eschasged jEgjdmt an Ala* 
the main amko add of the AFP-6. 

For the strongly relmed AFi*-^ Irom It was sugge§t|id, that apiiBO 

15 acids L)'s22 md Mp26 form a salt bn^gev whidi ^ fpsaiQnal in smbitoi the 
es'Mical confiitirMton (Qtalsrabattty ci aL, 1989), In a ver\^ reeeirtly pwhilsfeed 
article, Moeller et m% desmhed a possible synergy between the C-tenmnal Arg 
and the salt bridge in AFP-S, whereby salt bridge and carboy! Arg together do not 
affect the recrystalMxatioa iaiiibidon activity, wiiereas either {emr& alone tends to 
20 redtsce it. 

Sweh a salt bridge seems also to be present in AFP-6, between lyslS and 01^22^ 
xvhich might have a similar stablllzittg effea. The: exchange of this l^f therefore hot 
only allovys the trypsin digestion of the direct issbii polypepttde, but also gives an 
idee about the contrlbmion of this salt bridge k AFP-6 to tbo ct)fstafado« 
25 inhibition activity. 
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®a;gs <sscc ajix scT sec sec Qcs; aoc sct G0y f^s ACh OCT ec^ 

cm ce^i 0:k eso q(?e coii c&k c&a "sw cea «ss?^ 

5 

.^'^iT scT <ic^ acc scT qcs qm. <3ct sec m.T sca ccc oct sec gcc 

Tm colt ca* CSS coh ^sgs. ctt ssc •sq's cm cscs tta co^ coss os& ess cise 

m 

GSG tm *rat M.'Q ik& tw see m<? c 

CCS &C6 A^!£S SCO TTC TCT ACS STC ^CS" aC^SOOSSCSA 

15 Frpp the already descnbed set of W oi»u<feo to AFWl, AFU)2, AOTl, 
AFP04 were usijsd m combisaMoii ^itli the s^wlj* synthemed ^ligdnticlMtld*!^ 
a«d AFFO, wMcb form a duplex dispiaymg the ceMtal pa?t of AFP/with the 
meiitioaed Lys to Ala exchange at position 18, The second new pair of ollgonitdeo- 
tides a«d AFL07 just served for the direct liakage of the coding sequences. 

20 Ifee oiigonycieoiide pairs AFlJOl/AFliE, AFIX5?/AFIJ}S, AFFOS/AFm, AFFOi- 
/AFF12 were therefore used at a cox^eentration of abont 25 pmol, while- tlie 
cOfflTJion structural parts of : both eopiss, displayed by AFP0I /AFF'12 and 
AFP13/AFP04, were tised at a Soal con<xntrati0n of 50 pmol CFipxre lf).The 
iassetpbly was doqes as descrtbed^ genemmg ^ Eagl0miM ft&gm&m: with po 

25 dir^scth' Imked eodipg parts, where i» both je«e^ the Ly^ epdda w$|i exchaiiged 
against AlSv This plasmid was namigd pUE26§1 apd is ideBtical ti£> jhO^ 
the exception of the 12 Bucleoiides codmg for the KREA amino sequence aad 
tbe mentioned hy$ to Ala cMhaBge, 

3.0 EXAMPLE 5: Cmistrucimi of |>IIE2€74 

Another pos^ibuiiy for increased AFF peptide expression, in yeast is the repeated 
tmon of ^FF-6 behind the carrier protein ficr|ata<ac^4ase, separated by mteraal 
spacers originaiirig froBi the iEirerve^mng sequerices of tiie ^-mating factor precPrsor 
rj^olecwk- To obtain a Pl*^A temptste coding for 5 repeats of AFP»6 separated by 

35 KREA FCR leehtiique was applied. Here, plasmid pU12657 serv^ed as ternplate 
during the reaerion. The printers were designed lit: sudr a way, that an lit frame 
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Mmti between the eM of tlie «*ga]act<>sjdase m ttse^l siie at the 3" «pd M 
the gese, -already used fOT tfe ^oss^mctiop of plIRagSa-^j ml fc AFF codmg part 
w^as iBsisred; Boife pam were sggsuH separated by the last 6 axmuo acids of tJies 
«-«iatmg fector pro s^qsteace and an sdditioaa! esara alanis^ at tlse M t^^rMisus of 
S; ike imi AFP, which 1$ a result of tfee Intmdue&a tsf th& Magi site lor djmfj?g 
purposes. 

P K S 

5' occ cm hm ijcx .?>aa aoa o?iG got saj^ acG sec pAFCOi 
W III III III III III III III 

3* S?ST fpr CTC C^A 

5' AAA AGA GAC aCT GAA GCG CCC &&T ACT d' 

K. E S ;a S A A a T 

"15 The corresponding primer ai the 3' end: of the gene was syathesbe-d is s«eh a way* 
that a uni{|!^e hybridisation on the tempi?^ « dmufedi tit^3^% leaving lbs iladlE 
site Mhmd the stop «odoti intact. 

20 prisaer Wi^Z CSC tCT AT? AfTjj^TMm 5' 

ill ill III ill illilllli 

pmm&7 s* ae:2» Ao;^ tm. TAh (^cttmt&tcs'c^c 3^' 
3< s-cr ASPS' c&ms?mmmm^ s ' 

A s 

25 

PCR ampllficatioB of the template was east fed out ia a Perkja Elmer Cum PNA 
Thermal C>cler. lTie reacti^P earned put iti 100 fit 10 isiM T«$, HO, pH 8,3, 
50 mM EO. 1.5 mU MgOj, tO01% gelatine, with 0.2 mM of each mW. mpmol 
oi the PHA oiigomjdeodd^s ICLM06 aridmM09^^ of digested 

30 DMA and 1 U of Ampiitaq polymemse. fcubatidn parameters were sei as fellows; 
32 cydes/ 1 mk fS^C/ 2 rmn SO W P ma 72 'XX About 20^i1 of the reacDon 
volume was piaced: <M a m agarose gel the Dm fragmeitt of about 650 bp isolated 
and punflel v^ih the Oenecleanll kit (Bio lOi i«:C.) according to the manuiactorers 
prothcol. The fragment was subsequently - digested with Styl and HmMl and Ugaied 

35 into the Sfyl/Wi«dili digested piasmid plJ12g50. Alter itansformatian imo £.ctf/l 
JM ID9 tne new piasmid was isssiated and digested with &ei/Hf»dii[L The about 



M 

185 Kip Jarge irngmmt comprising the DMA cojjljng for the SUO signal sequesce 
and the «-gslact0slfiase (5x)AFF fosioB was aeatly llgated mto the vmtot 
•pumi4% whereby plasmid pUR2?41 is a derivatis« of pIJH2740 (Verfeafei iMl), 
where the secoM Eagl miricuos site in the already jBactive ^t resi^^^ was 
5 defet'ed thrm$h NmlfSM digesdoa. 
One of the posftlve clones, desiisated plJR26?4 (Fipre 5), was fertlier €harac- 
terized, the DNA isolated and purified according to ihe Oiag«n protcwl and 
siibsequetitly characterized by DNA seqyenclTtg. DNA seqiiencing was mainly 
performed as described by Sanger, and Misiao, h&m with the Seqiienasg version 2.0 
10 kit from United States Fiiochernka). Company, aceording to the protocol /ttM? T7 
DNA polymerase (Amef sham Intermtlonal pk) and pSpA11*«$ (Aiseri^am 
imernadonai pie; 370 M%/nrf; 22 TBq/mmol), 

EMMPti; ig; COMtoefe dlT pXM26%f pi)m0if istfK2S7S &M pWLt€f9 

15 Another option lor tbe taiidem espf ssstOB <*f AFFs In ye^ lusjoa of 

AFP coding part to each otfeer, w«lto«t altering: sequence* Here ag^in the 

aniqtte presence of Arg at the C-tentimal position nliitere AFP-6 is Arg, allows a 
post-fermentative digestion of the fusion product into single monomers, TM$ can be 
obtamed tbrongh eitner the addition of carboxypeptldase Arg directly to the yeasi 

20 culture supernatant or the partially or completely purified oiUure medium, 
Therelqre again FCR techni^jtse ^vm applied. Through the «se of 2 corresponding 
primers, complemestary to both ends of tlie AFF*6 osdiag seqiieiice, ONA ifai-- 
ments were generated, encodiu| only structural Morsiatba of APR For tbe direct 
linkage of the F€E fragmeiit to the fet copy Mfeady preseat In pUR26^^ th&Fstl 

IS Site present in the 3-part of the AFP coding sdiiueiji^^was iised. Therefpfei tbe 5' 
PCH; oigonocleotide AFFFROyA also enclp^^ the DNA seqnenee codiBg for 
C4erminai part of AFP ftota the fs/i site on. Iliie correspondlrjg 3' FCR oligo- 
nneleotide AFPK2IV A contained a sequence extension at the 5* end comprising a 
StuJ starting with the last codon of ^\FF gene, to ensure the direct in fmme binnt 

30 end linkage between differerit AFP copies (see SEQ, ID*. MO: 15 20), 
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pmtms B ' Ktt gct ^st «j^T sec sec <5cr sec 

3 " cm jRSft csA ACA cssa' em cm cea ess 

s ^-^'^^^^ ill II 11 ill III ill ill ill ill 

5' CCCCC JSggSaLSCt »C» «CT AGG SCC T§f 0»T GCC SGC QCt OCC 

3> ft E £' 1' 35, S D & A A A 

CGR csa CGA CSC oja xsa. esc f cc„j.ga m.f(^m.CG'mc s ' 
mc ^cT OCT GCf ocrACT sc& mm 

$ ' mh CGA CSX CGT COA r«A CGC TCT 

15 h h h: h h T A B 



Primer AFPE2IVA aijso mactivmecl the Pstl site present in the template, vnthpm 
altering the atfim a?id sequeiice/This aSow^d ih^pMllHmMll digestioa of the 
PCE prodBct, whlcii w^s psmteid and purified as deserifegd esarMer. To Mltate 

20 Mher d0m«g procsedwes, the vector pUR2650 was digested mih^ EagllHmm, %\m 
larger, atot 3.1 kfep vector fragmmt isoktsd, aiid suBseQaeMly Ugataiwith m 
)ibp \m%,^yHmiM fr8|i»em of pUH2653, wMcfe co«jprise4 lh«! Al# sodmg 
sequesce, thereby geisemittg M cMstructton ktefmediate with ^si unique PM site m 
the 3>a>ding part, ilie vector was digested ^vlth i^M/fedlil, the sbmit 3,2 kbp 

M fragment ponied and iigated with the PstllHinMl digested FCR produa After 
transformation Into .Eco?? ;TM109 the plasniid was isolated and sequenced as 
described earlier. The complete about pJ5. khp: B^l/MnMll fragment eomaimitg 
the two directly linked AFP coding parts^ was then exchanged agaisst small 
£aglIHm(M fragtnents in pUE26S2 and pOR2^53, Both pksmids, denoted 

30 pyE2676 and p0E26?7, were sequenced as destTih^ to eoiifh^ the accm^ 
assemhlj' of ti'ie fragments (see Figure 7is md Sa). 

To fertfeer ex|sand the AFP copy nhmlj^rm the pla$mi4 a se<»3nd FCR reaciion can 
be exe#ted, based on pk^idpUR2676 as tenffiate/Beslde ^e o%onncleotidc 
APPJ2JVA, which automatical^ creates a site behmd the AFP coding sequence, 
35 a new 5' PtK dligonneieolide was synthesized, which allows the generation of a 

DNA fragment coding for two directij joined AFF coding parts, with an additional 
ffincll site overiapping with the fiim codon of the first AFP copy. 
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» T & S J> h h h A 

5 > &m^c see T0^ mc mc mc 

3 ' CT& TOG C(?a ACA CT& COS CCS CGh COG 

^ II II 11 ill III III III ill III 

5 * M&C OG.-iJiTTC QTC QhC KtSC !&m t<3T ^ht SCC GCQ «iS!SS 



Mi&t FCK tbjs DIS^A fragsipiit could be isolated aa4 pntrlfied m de$cxi|>^<ds digested 
10 witn SeoM axi<l i;/r«<jHl ei^tted mt<> oae the eommemMly ayail^Me 
JE, coU clormB plasmids^ eg. pllllM ex i?harsiack. From this plasmid the abom 
8,25 kbp Hindl/Stul fragment can be isolated and ligated behind the nmqm Stul 
site present at the end of the second AJ^P codis^g sequence in pUR26?6 and 
plJR2677 respectively, thereby producing the piasmids pUR26?8 and pUR26?9 
IS (Figure 7b and 8b), This. iigatiOB can be repeated several tinjes, therebf incrmiijg 
the in ea# llptioB round the «opy ridiabef behind either tl>e SOO sequeiKit or tlie 
prepro-e-nsatiiig Ucu^ sequeMe witb two, 

EXAMPLE 7? Mesii^itemest ^"^kstosidase actmij! of |iflllj2652 4i. emmim 

20 tS'SnsformaRts 

Fro»v tbe QiiS-gen purified plasiBi^ PNA of pUR26S2j contamisg the «-^galacto- 
sidase~AI?F fesiotj under the control of the inducibie GAL? promotef beMnd 
the iuvertase signal sequence about 5 |ig was transformed to S, cem/isim SUlO 
aecording ro the method of Beggs et a!. 191$, and plated onto YNB-pi&tes comalinjig 

25 histidine and uracil Several of this transfonnaats were incubated oveoiight in a 4 
culture YNB, with 2 % gkrcose, ura pi.d. his> To test the induction of expression 
aboi« 40(11^1 oC the ovwnfghr cultures ^'ere^ y^^^ to .^oculate a 20 .ml culture YF 
medkuB, cootaiBtng 5: % galactose, After iBcobaiion at 30 *C for aboist 40 hoisis, the 
A6R1 was determined, the cnlmre was centfifuged for 5 Tnln with 4660 rpm and the 

30 S'placiosidase actii?ity in the supernatant was measiited, 

«-galactos]cl8se aeti%*ity was detertnlned at 37"€ using; p-^nltrophe eEvP->galaCto- 
pyranOside {PNPG, ck; Sigma) as sub^ttate in a i)A M sodium acetate buffer, pH 5.0, 
A solution of 22.22 roM I^RPG,. ir; acetate buffer was ^eshly prepared and 0,1 mi of 
an 1:1000 in acetate bufCer- diluted .supernatant solution was added to 0,9 ml pre- 
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warmed s?3!?strkte sotetioa/llse miMur^^ was |Bcabat«d a tfeermdstatlaHy 
cositrQikd water bad for 5-1(1 mmutes, aad then st<>ppi€id fey addition of 2 m? W% 
M00im carbonate solutipB, A bkiik was made described below, by adding j^st 
%t ml m^m. a«smte. The coiseentfatioB of f^Rltrophenol^^^ 
5 405 xjxrs at room tempetat«T^8> ilie difference beiivyefeo die mOlar absorpfmty of 
p-nurophenokte m4 %mtrophe}sfh^-guhmpymnosM& at 405 xm and pH"i2 was 
determined experimentaHy as IB..UO .cmV^moL Therefore the cnsspje activity vm 
calo-ikted with the help of the following fonnula: {(At -Ah)/t> * L6S2 pmol per ml, 
where At h the absorbance at the mcubation time t in Biimvtes, and Ab the absor- 
10 banoe of the blank, Ooe Umt was denned as the hydrolysis of a p,mol of substrate in. 
I mitt at 37°€ and at a pH of 4,5. The specific activitj- of gu«r fiE-galactoslda^e is 
100 U per mg protek. 

For the pantitativie assay of the et-'lalaetosklas^ ^m^s |p the culture i^^^^ 
cemfime StJlO «eiis contdaihg plJR2652 dMereiit diktiom were lised. The 

15 mpt&mm level was cs^cidated as hig «-galactGsifee/L eutere taedjurn. As eontrok 
served a SUM) stram transformed with pUR|?40, the parental plasjBtd without the 
cassette asd SiM bntrahsfon»ed, to 'correct for the natural MELl expression 
leveh A conceniratioo of sboiu 300 mg/L culture fluid was determined for different 
SIIIO is-gai/AFP transforma^ns, compared to 6 nig/1 tor the imtjansformed SUlO 

20 approxitnately 300 mg/I for the SUlO with pUR274{), indlcadng the same 
aBKiunt of expression asd secretion for the fusion protein as for «-gsdactosidase. 
Since Both enzymatic measnremetits were based on the same amom of prbtels 
present, this also indicates an idemtcai specific a^alactosldase actMty f<jr the fu&ion 
cotistruct 

2S 

EMMPLE $<, SBS»FAC5E piisteln gdeij^tropfesi^sls and Western aaslysis »f 

eel and enffeurg Mmd of SUifif cells contaiiitnf either ptJft26S3! or 

48 hours mcubated cahures were cemri-jfeged for 5 mn at 4(ICK) rpn and cells aud 
30 supernatant were collected at stored at -2(1 *C The cells were broken with glass 
beads and after isolation the cell-extraa was centrlluged In an Eppendorf centrifuge 
im S rnia. The soluble cell taction supernatant was stored at -20 'C. Deraturatifl| 
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S0S polyacj^lamide gel eyctrophoresis to sepamte the prmelm was perfprme-il 
tmmlf m 4»m^pd hy l^emmlk il>e Western blot analysis of SDS--R4GE 
electrophoresis was performed |>rmdpa1Iy as descnbed Towbis Ii7$» fey 
mmi dry felotfeg. Me? yottmg the Immobiloii-F membraiie was blocked mth $ % 
5 sfeimmed milk m 150 mU U&Cl SO mh-l Tris/HCI pH 7A md MmrwM$ 
m l m mmw4 mlk m. 150 mM NaCL 50 mM Iris/HCl Cl l % Tween 20, pH 7.4 
and aiitiserum agaifisi A.FF-6 or et-galactosklase respectively- Both amisera were 
raised by iaimonizatks.n. of rabbits with a-galaeiosidase purified from par, and with 
AFP-6 obUiised by Merriefleid syatbesis. lacufeation was performed overnight at 

10 room temperature onder soft agitatioBv Unabsorbed antibodies were removed by 
washiBg wid? the iiimbation bute (3^ S ira^^ memkane wa§ mailaated with 
tise second afldbody (Goat snii-rabblt IgG (H+L), Horsetadi^ FerdxMase 
Conjugate' Biorad, Richnsond) for 2 boars at room temperature. Hie emyme was 
developed mkg 4-d5]0rQ--l'napbthol For th^ trasisiorisant contaiffing pUR26S2 

IS Western atialysis With AF?-6^ antisera revealed spedfte stgrial^ (see Figure 8b). Here, 
spedfic a'gaals were detected mtbih tbe sdluble fractlob of fee yeast cell iM m. tbe 
oiUuxe iuid* whereby i» both eases the apparent si^e of the bbtaiijed fusioB-proteln 
^ts about 46 which is a little bit larger than «-galactosidase expressed m yeast 
(Overbeske era/, 1987), and in good agreement with the result expected, due to the 

20 of neariy 4 kD structural mformation. Antiserum against a-galaciosldsse reacted 
specifically with the saroe protein^ bauds, thereby verifying the expression of the ««. 
g^lactosidase AFi* fusion proteia in yeast (data not showpj. Both FAA Gcsomassle 
stain apd immuine speeifie stain revealed some miijor de^adatioR prodjscti 
A somehow differepl situation was obsserved with the iUM cells tradsforrised with 

25 pUMCiil Here, neither id the €oomssie stain nor In the ififPBP &pecifle Mai« any 
sipal eonld he detected withih the medinrn (see Fip^re 9a and 9b), while the 
Westert^ analysis of sdtoble cell fractioa revealed two baiidsj otje of them a cross- 
reaaing host pr0teiri, which is also present in the. untrarsformed yeass (Fipre 9b, 
hm V), is^ile the second, significantly smaiier signal was only obtained in 

30 iransfoffiied yeast cells, presumably presenting the AFP. Whether the absence of 
AFP in the culture medmm was the result of itihibltion of secretion or rapid 
degradation retnaljss to be ekddated. 



wo §4/0361? 



21 

EXAM FfcE % %ermsl hysteresis ass&y viith mlt&m fliiM 0f «ells eostali* 

M primip}&, this assay measures tlie dfceiiee betwees fe a«4 sieMsg pomf 
(ie Vries, liS3) The rangej ift wbicb this effect Is MeasaFe^ js atoasd i dejgree 

i centigf a«!e. in the d^sscnbed expenment ssbstaw^ m watet, .boated 

throt^gl) ?;a|>l1ia?y forces imo iSfcro-sMcles snd quickly froxea. The samples were then 
placed mio a corstrolled thermal ethanoi bath at a temperature where the ioitial 
crystal iiudgps h stable (visually cmUrolbd with Olympus stereo micmscopc at a 
IS laid magnification). The teiupemture was then stepwise decreased with a FC/mm 

10 until the crystals started growing, this was ^defmeti «^ <3:ystgIMxatit>ti te^ 

This proees>s was ^oatisued tor 2 minmeSj md than the tempefstme was slowi^ 
itjcreased in the same inteTvals. As soon ^ visvi^dly {!e|e<;tab1e meltiitg o<^tred, the 
meldng temperamsie was reached. As a positive coatrol a saxii|jle chemically 
s¥tithesi«ed winter fiowyer pptide was used, -produced b| Merfie0ei<l sytlthesis-, m 

15 & fmal eaBeentratton of 1% , while «-galacto$idase, the c$tnQr protein In tfe« -feaoa 
situation served as negative contrdl Th^ restiits are graphically stimmarked in 
Figure 10, Hie difference bet^yeen both control substances was significant, hence, a 
difference of O.rc in freeze attd meitmg point was considered as inacdvated, 
compared lo the 0,7 degree for the chemically synthesized AFP. 

20 The caricentrated culture fluid of cells csrrymg the fnsion gene expressed by 
pUR26S2 revealed a hysteresis of 0,5 degree, wMch is siniilar to the 3% solution 
chemically synthesized AFP. 

The effect obtained witb the culture fltjid of cells with plasniid pllE3653 wlis with & 
themml hsfstetesi$ of 0;^''C at the saine level tJtan th^ ptire 3% AH^ solution. 

25 

EXAMPLE 10, ReCi^siialllmttoa assay of j«ast c0s eoatai^iag plM^ 
I jil of soltitions cdniaiiiini :30% sucrose and either 39fe of pure chemically 
synthesiaed AFP or approx, 40# of freeze dried supernatant of cnltore fluid ot yeast 
cells containing plJR26S2 -final concentration- were placed onto microscope slides, 
30 covered with BDH 16 mm slides and sealed,. The sample was set on a Linkam 
THMS coldsiage, connected with a lintel GS 196 Cijolmg system and cotsttrolkd by 
a Unkani TMS 91 controlte Tlie stage was aibsequetitly cmsh codted 

<5i IM^TITI ITE SHEET 



wo M/SMS? 



17 



99 *C/ mm.) to -40 to produce a IMrge amoum of sroall cr>'Stals. The 

srm oithe ice crystal^ isj the s^listiain was recorded: by ^ videot capjera. il« stage 
was then tapldiy raised to -5 *C auid kept there for; 1 how. The grovs^fe of flie Ice 
cryst^s foliowsd muxMy m& agaia registered by vife recordiiig, WMe the 

5 soltjti^n fearisg no additives displayed the foreseen !ar|e^c^ysta^s after mcofeation § 
(Figure lla)f the sample cojtt^ming 3% AFP remalm geMrally urt^ksHged campated 
to the staniBg coBditiGSis, clearly i«dicati«g th^ growth inhibidng effect of AFP (s«e 
Figore 11.b)< The soktio« containing aboot 40% of the freeze dried supernatast of 
pUR2652 displayed a difiVreni pictyre. Bere, the crystals appeared to be 

10 Signifksntly stnaJler and mors needlelske (se« Figure lie), iodicatmg the even a 
fmion construct coT«prising not more ihm ahom 5ffe sitructwal informtion of AFF 
k capable of restraiiiiiig see crystal growth. 
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CLAIMS 

1. A |jr00ess for predrag peptides Inhibiting Ice sryslal growtlij so-al|e^ aptj- 
iree^Ke peptides (AFP), by expresskg in a host otgamsm a g^ne encoding m 
APf or a fusion protein compd^liig an AFF, wMch compriseiS 
(I) fomiag a DNA Mir^tmci comprsing in the order given 
(«) 8 Strong, optionally Inducible, promoter active In the host orgamsm, 
(b) an ATG start codon, that inav be present in an optional DNA sipal 
sequejice capable of secreting tlie protein produced by the host organism 
during expression of aa AFP«encoding gene of (c) beloWj wi'jich sigmd 
^equencs cak be homoldgous or heterologous to the AFF^neodiiSg gene and is 
in r«iadi«g i'r^me witli the ATG start codois, 

(pl feast one desls^d AlP-^ncodiBg pnc m itadlxig Ibme 
^tart ©odoK, and 

^d) a stop codon bonnd to the 3' end of ti^ie AFP-encoding gene^ 
Ci) tmssfenning a host organic wjth tl»^ DNA cbsMmct of (1) ^«ih a 
that tht host organism csn ejspress at: least the AFP-encoding gene, 
(Hi) growing the tramforraed host organism tinder conditiotts whereby the 
expression of at least the AFP-eneoding gene occurs or is induced, and 
(Iv) optionally coHeciitig the produced AFP or fusloB protein, or peptide or 
protein oh^aiued tfeerefFom by further processing. 

1 A process sccordiftg to dami 1* in wMch dse promoter % an inducible 
pr0moter or a constitutive GAFBH pmmmm of Smc^Uiromyces c^^ 

3> A process according to claim 1^ m wMch the ONA sigsial sequence is the DNA 
pre-seqtteii# of tite ^»niating factor of S,. cemhim, 

4, A process according to ciaim 3, in which tlte DNA constroa. also comprises tlK=5 
pro-sequence, of the a -mating factor of S. ceremiae between the pre-sequence 
and the .AFP-encodi?^ gene, whereby the pfe-sequence, the pro-sequence and 
the AFP-eucodiog gene are in tise same reading Mim, 



2? 

5. A oceM accopdmg to claim i, in wM«l5 tHe Jiost argaalsm Is a yem 

& A process aceordiftg to daiia 1, ip which the DNA comtruct a>»mjiis a l«se^ 
gene compming at least part of ^« a-pkctosidase g«H« of e>«f??£jjs$fe 
mm^Mbu m4 at least one AFP-eneod% geae with its 5' eM i?i-fmme- 
fased to the f end of tbe at least part of «»|a1actosiiase gesg, 

^ A process aecordrag to claim 6, in which tbe DHA constmct comm the iiwer- 
tase signal sequence of 5. ceremim preceding tSe fused gene, 

B. A process ac<5or<lfcg to dmta X, m wMc^ the connection !setweei3 two or more 
getjg^ compsri.^es a DMA s€ site iMt <m be uied 

to split off ^t &«!?t o»e j'W tfee reitjsinfc of the proteio* either dming 
Of aftet- sscretioit of the fesios protein or another ptechisor-AFPv 

9, A process acs^ordlng to elaim I, m wlikh th^ le^st oa® AFF-encoditJg geoe^* 
comprises a taiidem->repeat of otie or more AFP^eticodfeg genes, whereby 
optbsally one or laore AFF-^ncodmg geses can b« separj^ied by a DNA 
sequence eacodissg a processiiig site, 

10> M'f prepared by a process according to arsy oiie of the previous elmis> 

11. Use Of an AFP as elairaed p claim 10 for iishlbitmg iee taystal growtfe. 

4 yeast having Impfoved freex« tolerans^, eontaiaitig a«d/dr ssrroonded by 
AEP proidticed by a process as claimed in daim 1 

Use of a yeastM daimed in daim 12 |a a pmxm im preparing froxeji dosigh 
or in compositions that sao be froEeii 
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